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Description 

FAN IMPELLER AND FAN MOTOR 

BACKGROUND OF INVENTION 
TECHNICAL FIELD 

[Para 0001] The present invention relates to cooling-fan motors and impellers that are 
used in electronic devices and the like. More specifically, the present 
invention relates to fan motors that must generate high static pressure and 
ample airflow volume, and to cantilever-type impellers that are used in such 
fan motors. 

DESCRIPTION OF THE RELATED ART 

[Para 0002] Fig. 8 is a plan view of a conventional centrifugal fan motor. Fig. 9 is a 
vertical cross section along the line X 1 aDC30 1 annY 1 annz i in Fig. 8. 

This centrifugal fan motor includes a motor component 104 for generating 
rotational driving force, an impeller component 101 for generating airflow, 
and a housing 106. This centrifugal fan motor has a rotational axis 0 1 

shown in Fig. 8. 

[Para 0003] 

The impeller component 101 is located around the outer periphery of the 
motor component 104 and includes a lower end wall 102 and blades 103. 
The lower end wall 102 is an annular plate member located surrounding 
the motor component 104 at a lower position in the axial direction, and lies 
in a plane perpendicular to the rotational axis. The lower ends of the blades 
103 are fixed to the surface of the lower end wall 102 at its outer radial 
margin. The blades 103 are supported only by the lower end wall 102, 



which structure is called as cantilever structure. When the motor 
component 104 rotates in the normal direction, the blades 103 generate an 
airflow in the direction indicated by the arrow B r In the direction indicated 
by the arrow A v an intake airflow through an air inlet 108 is generated by 
the sucking action of this airflow B r On the other hand, in the direction 
indicated by the arrow C.,, an ejection airflow is generated by the blowing 
action of the airflow B r 

[Para 0004] In configuring the impeller component 101 of conventional centrifugal fans 
used for electronic devices and the like, the tendency is to make the blade 
diameter 2r 1 greater than the height h v where 2r 1 represents the diameter 
of the blades 103 to their outer perimeter and h 1 represents the height of 
the blades 103 in the axial direction. One of the purposes of adopting this 
structure is to save space in the axial direction. Another purpose for thus 
having the blade diameter be greater than the height h 1 is to improve air 
volume and static pressure of the ejection airflow C 1 by raising the 
rotational speed at the periphery of the blades 103. Therefore, in the 
conventional centrifugal fan having a cantilever impeller for cooling 
electronic devices and the like, the impeller has a low-profile configuration 
in which the relationship h^On 2r, holds. 

[Para 0005] 

In this conventional centrifugal fan, the intake airflow A 1 pushes on the 
airflow B 1 as indicated in Fig. 9, and the airflow B 1 strikes downward on the 
lower end wall 102 because of the shorter height h 1 of the blades, which 
results in a large windage loss between the downward airflow and the wall 
surface of the lower end wall 102. This is why, in considering the 
distribution of wind speed measured at several observation locations 



corresponding to points along the rotational axis of the impeller component 
101 , the wind speed of the intake airflow within the impeller tends to be 
maximal at the upper surface of the lower end wall 102 of the impeller. The 
windage loss on the wall surface can decrease airflow volume from the fan 
and lower the cooling efficiency below the inherent performance of the fan 
motor. 

[Para 0006] Meanwhile, electronic devices recently are being made smaller and smaller 
so as to be suitable for carrying, as is the case with cellular phones, mobile 
personal computers, and other devices that call for being downsized 
further. At the same time, integration of electronic circuits has been 
enhanced and circuit processing speeds have been increased, which has 
led to a tendency for the total amount of heat produced by LSI chips and 
embedded electronic circuitry to increase. Therefore, there is a need to 
realize a fan motor having not only a smaller size but also higher cooling 
efficiency. 

SUMMARY OF INVENTION 

[Para 0007] An object of the present invention is to realize a fan motor that can be used 
for ultra-compact devices such as cellular phones, and that is ultrasmall in 
size and has high cooling efficiency, as well as to realize an impeller that is 
used for a fan motor of this sort. Another object of the present invention is 
to make available a fan motor capable of realizing maximum cooling 
efficiency with minimum air-inlet area, as well as to make available an 
impeller that is used for such a fan motor. 

[Para 0008] 

According to the present invention, a cantilever-type fan impeller 
comprises: a rotational force transmission portion for receiving driving force 



from a fan motor component; a lower endwall portion fixed in association 
with the rotational force transmission portion, for structuring a wall surface 
that is perpendicular to the impeller rotational axis; and an impeller blade 
unit having plural blades, disposed outer-marginally on the wall surface of 
the lower endwall portion and extending along rotational axis. When the fan 
impeller rotates, an airflow along the rotational axis, from the opening in the 
upper end of the impeller blade unit towards the wall surface, is generated. 
The relationships 2/aDn/?and /adn 12.5 mm are satisfied whereiniV- 
represents the diameter to outer circumference of the impeller blade unit 
and h represents the axial height of the impeller blade unit. In this fan 
impeller, when driving force is applied from the motor component to the 
rotational force transmission portion, the lower endwall portion and the 
impeller blade unit rotate along with the rotation force transmission portion. 
Then, an airflow along the rotational axis, from the opening in the upper 
end of the impeller blade unit towards the wall surface that is perpendicular 
to the axis, is generated. Next, the airflow hits the wall surface and 
changes direction. Since iVaDn/7, windage loss at the wall surface of the 
lower endwall portion is reduced compared with conventional centrifugal 
fans, so that cooling efficiency is improved. 

[Para 0009] Further according to the present invention, a fan motor having the 

cantilever-type impeller satisfies the relationship Aada 100 mm, wherein/r 
represents the total axial length of the motor and the impeller. In addition, it 
is preferable that Aadn 70 mm. This enables the fan impeller to be 
embedded in portable electronic devices or other small electronic devices. 

[Para 0010] 

In another aspect of the invention, the fan motor having the cantilever-type 



impeller satisfies the relationship /7aD¥ 5000 rpm, more preferably, /»□¥ 
10,000 rpm, wherein/7 represents the rotational speed of the motor. A fan 
motor thus according to the present invention, having a fan impeller that is 
extensive along the rotational axis, can realize high static pressure and 
high-efficiency cooling performance when operated at the high speeds just 
noted. 

[Para 001 1] In a yet another aspect of the present invention, both the cantilever-type 
impeller alone or as employed in fan motors as just described may be 
made either entirely or partially of a liquid crystal polymer, a carbon-fiber- 
reinforced liquid crystal polymer, a glass-fiber-reinforced liquid crystal 
polymer, a carbon-fiber and glass-fiber-reinforced liquid crystal polymer, 
soft iron, stainless steel, aluminum, or ceramic. This contributes toward 
reducing the weight of and downsizing the fan impeller, while ensuring 
sufficient stiffness and airflow-generation performance in the impeller. 

[Para 0012] 

In addition according to the invention, in a fan motor having a cantilever- 
type impeller, the motor component includes a rotary section and a 
stationary section, and a pair of axially disposed bearing units-being slide 
bearings or fluid dynamic pressure bearings-for rotatably supporting the 
rotary section against the stationary section, and the relationship 0.5m<h 
holds, wherein/77 represents the distance between the two axial ends of the 
bearing units. Having/7 on par with or greater than 0.5/77 contributes to 
keeping losses (windage losses) occurring before the airflow hits the wall 
surface of the lower endwall portion under control. A high-efficiency fan 
motor can be realized as a result. Further according to the invention, h 
more preferably is much greater than m. Because the length of the impeller 



is much longer in that case, windage losses arising before the airflow hits 
the wall surface of the lower endwall portion are further kept under control. 
A configuration thus satisfying the relationship m<h suppresses windage 
loss on the lower endwall portion. And wherein the relationship J \.5m<h'\s 
satisfied, windage losses on the lower endwall portion are kept under 
control all the more. 

[Para 0013] Still further according to the present invention, the relationship nr>h/5 is 

satisfied. Increasing/77 to greater than h/5, wherein/77 corresponds to the so- 
called bearing span, makes it possible on the motor-component end to 
stabilize rotation of the cantilever-type impeller more than is the case with a 
fan motor configuration in which the bearing span is less than h/5. This 
contributes to improved rotational stability of the fan impeller and to 
minimization of losses due to vibration in the end portion of the cantilever- 
type impeller, so that a high-efficiency fan motor can be realized. It is 
further preferable according to the invention that m be larger than /?/4, and 
more preferable still that m be larger than h/3. The bearing span is thus 
further increased to retain the cantilever-type impeller the more securely in 
rotation. 

[Para 0014] 

A further aspect of the present invention is a fan motor having a cantilever- 
type impeller, wherein the motor component includes a rotary section and a 
stationary section, and a pair of axially separated bearing units for rotatably 
supporting the rotary section against the stationary section, the stationary 
section includes a stator, and the pair of bearing units is disposed axially 
sandwiching the stator. Disposing the bearing units of the pair along the 
motor rotational axis one on each side of the stator allows the axial bearing 



span to be maximized. This contributes to stabilizing impeller rotational 
fluctuations that are a load on the motor, so that a high efficiency fan motor 
with little loss due to vibrations can be realized. 

[Para 0015] A still further aspect of the invention is a fan motor having a cantilever-type 
impeller, wherein the motor component includes a rotary section and a 
stationary section, and is furnished with a slide bearing section or a fluid- 
dynamic-pressure bearing section for rotatably supporting the rotary 
section against the stationary section; the stationary section includes a 
stator; and the slide bearing section or the fluid-dynamic-pressure bearing 
section has a structure in which each end along the rotational axis is 
disposed in a position axially beyond either axial end of the stator. This 
structure allows the bearing span along the rotational axis of the motor to 
be maximized. This contributes to stabilizing impeller rotational fluctuations 
that are a load on the motor, so that a high efficiency fan motor with little 
loss due to vibrations can be realized. 

[Para 0016] As is evident from the comparison of structures discussed above, a fan 
impeller and a fan motor of the present invention have an impeller that is 
axially longer than conventional centrifugal fans, and the impeller is rotated 
at higher speed. Accordingly, windage and other losses at the wall surface 
of the lower endwall portion are reduced, enabling the realization of a fan 
motor having higher static pressure than is conventional. This makes it 
possible to cool high-density electronic devices and compact electronic 
devices with efficiency several times high than is conventional. 

[Para 0017] 

From the following detailed description in conjunction with the 
accompanying drawings, the foregoing and other objects, features, aspects 



and advantages of the present invention will become readily apparent to 
those skilled in the art. 

BRIEF DESCRIPTION OF DRAWINGS 

[Para 0018] Fig. 1 is a plan view of a centrifugal fan motor according to an embodiment 
of the present invention; 

[Para 0019] Fig. 2 is a vertical cross section taken along the line 
Xa □ □ Oa □ □ Ya □ □ Z in Fig. 1; 

[Para 0020] Fig. 3 is an oblique view of an impeller component of the centrifugal fan 
illustrated in Fig. 1 , shown partially cut away as sectioned for Fig. 2; 

[Para 0021] Fig. 4 is a vertical cross section of a fan motor according to another 
embodiment of the present invention; 

[Para 0022] Fig. 5 is a graph plotting a relationship between windage loss and vibration 
loss; 

[Para 0023] Fig. 6 is a vertical cross section of a fan motor according to still another 
embodiment of the present invention; 

[Para 0024] Fig. 7 is a graph comparatively plotting P/Q curves for a fan motor of the 
present invention and for other fan motors; 

[Para 0025] Fig. 8 is a plan view of a conventional centrifugal fan motor; and 

[Para 0026] Fig. 9 is a vertical cross section taken along the line 
X 1 anno i anDY 1 annz i in Fig. 8. 

DETAILED DESCRIPTION 

[Para 0027] 

Reference is made to Fig. 1, which is a plan view of a centrifugal fan motor 



according to an embodiment of the present invention, and to Fig. 2, which 
is a vertical cross section, taken along the line XaDnOaDDYaDDZ in 
Fig. 1 . The vertical direction in Fig. 2 corresponds to the orientation of the 
rotational axis of the centrifugal fan motor. Though upper and lower sides 
are defined according to Fig. 2 in the following explanation, the definitions 
are for convenience of explanation and are not meant to imply restrictions 
on the actual attachment posture of the fan motor. 

[Para 0028] This fan motor includes an impeller component 1 , a motor component 4 
and a housing 6. The impeller component 1 and the motor component 4 
are disposed axially stacked and connected to each other, and these 
interconnected components are contained in the housing 6. The rotational 
axis of this centrifugal fan motor is indicated by O 'm Fig. 1. 

[Para 0029] 

Reference is now made to Fig. 3, which shows the impeller component 1 in 
a partially cut away oblique view as sectioned for Fig. 2. As will be 
understood from Fig. 3, the impeller component 1 is an impeller of the 
cantilever type used for centrifugal fan motors. The impeller component 1 
includes a rotational force transmission portion 5 for receiving drive force 
from the motor component 4, a lower endwall portion 2 fixed thereto, and 
an impeller blade unit 3 having plural blades, each of the blades being fixed 
at its lower end to the outer margin of the wall surface of the lower endwall 
portion 2 and each extending along the rotational axis to its upper end. 
Each blade of the impeller blade unit 3 is cantilevered, that is, the lower 
end thereof is fixed to the lower endwall portion 2 while the upper end 
thereof is not supported by anything. In other words, the "lower end" of the 
impeller blade unit 3 means a fixed end while the "upper end" of the same 



means a free end. An opening 9 that is a circular space is defined by the 
upper ends of the plural blades of the impeller blade unit 3. When the 
impeller component 1 rotates, an airflow is generated streaming along the 
rotational axis through the opening 9 in the upper end of the impeller blade 
unit 3 and towards the upper surface of the lower endwall portion 2. The 
lower endwall portion 2 is a disk-like member having a surface that faces 
the rotational axis in this embodiment. The upper surface of the lower 
endwall portion 2 forms a lower wall surface of the impeller blade unit 3 and 
functions to stop the airflow along the axial direction. As shown in Fig. 2, 
the upper rim portion of the impeller blade unit 3 is fitted with a ring 
connection portion 10 holding the blades together for reinforcement. The 
housing 6 encompasses the circumference of the impeller component 1 
and the circumference of the lower end of the motor component 4. In the 
upper portion of the housing 6 is an air inlet 6a, and in the side portion 
thereof is an air outlet 6b. In addition, the base of the motor component 4 is 
fixed to or formed integrally with the upper surface of the bottom of the 
housing 6. 

[Para 0030] The rotational force transmission portion 5 is connected to a rotor of the 
motor component 4, and the plural blades of the impeller blade unit 3 
extending along the axial direction generate an airflow Bin response to 
rotation of the motor, thereby realizing a blowing function. This airflow B 
induces an intake airflow A through the air inlet 6a of the housing 6 and the 
impeller opening 9, and consequently airflows A, B and Care generated, 
whereby the airflow C is directed from the air outlet 6b of the housing 6 
onto a cooling target (not illustrated). 



[Para 0031] In the centrifugal fan motor according to this aspect of the present 
invention, compared with the conventional centrifugal fan motor 
represented in Fig. 8, the diameter 2rof the impeller blade unit 3 to its 
outer circumference is less than the height h of the impeller component 1 
(that is, the length of the impeller blade unit 3 along the axial direction that 
can generate the ejection airflow; more specifically, the distance along the 
axial direction between the upper surface of the lower endwall portion 2 
and the undersurface of the ring connection portion 10). In addition, the fan 
motor according to this aspect of the invention can cool a portable 
electronic device or a compact device efficiently at high static pressure, 
while the motor configuration satisfies the relationship /aDn 12.5 mm. 

[Para 0032] If the height h of the impeller component 1 in the axis direction is greater 
than the diameter 2rof the impeller blade unit 3 to its outer circumference, 
the intake airflow A generated by the rotational airflow B along the 
circumference direction by the impeller blade unit 3 transitions to the airflow 
£ smoothly before reaching the lower endwall portion 2 of the impeller 
component 1 , reducing the wind speed at the upper surface of the lower 
endwall portion 2. 

[Para 0033] 

In terms of the distribution of airflow speed along the rotational axis of the 
impeller component 1 , as h becomes taller, the point of maximum speed in 
the airflow as observed at several locations corresponding to points along 
the axis should move to a point inside the impeller, with the airflow speed 
at the upper surface of the lower endwall portion 2 decreasing from that of 
the conventional centrifugal fan. As a result, windage loss on the upper 
surface of the lower endwall portion 2 can be expected to decrease. Here, 



the observation point along the axis of the impeller component 1 that is the 
maximum wind-speed point in the airflow speed distribution should be 
noted. 

[Para 0034] In a conventional centrifugal fan for cooling an electronic device, the 
maximum wind-speed point among observation points along the axis 
should not appear at a point inside the impeller; instead, the airflow speed 
should be maximum on the upper surface of the lower endwall portion 2. In 
contrast, if the following relationship between the diameter 2rto the 
outer circumference of the impeller blade unit 3, and the height h of the 
impeller component 1 , is satisfied and the rotation speed of the fan is 5000 
rpm or higher, the maximum wind-speed point along the axis should 
appear inside the impeller, so that the airflow-speed maximum will no 
longer be on the upper surface of the lower endwall portion 2. 

[Para 0035] As a result, compared with the conventional centrifugal fan, the windage 

loss on the upper surface of the lower endwall portion 2 is reduced. Thus, a 
fan having high static pressure and high cooling efficiency compared with 
conventional centrifugal fans can be realized. In particular, a fan in which 
the relationship /aQa 12.5 mm is satisfied will realize high cooling 
efficiency. 

[Para 0036] 

One of the factors related to whether or not the maximum wind-speed point 
along the axis appears inside the impeller-and to where it appears along 
the axis inside the impeller-is the shape of the impeller component. The 
present invention definitively sets forth that if the relationship defined by the 
following expressions (2) and fusing a parameter /±is satisfied between 



the area of intake airflow into the impeller component 1 (that is, the area of 
the cross section perpendicular to the axis at the upper-end portion of the 

impeller component, i.e., IOr), and the area of ejection airflow of air blown 
by the impeller blade unit 3 (that is, the effective cylindrical area of the 
impeller blade unit 3 of the impeller component that contributes to blowing 
of the airflow, i.e., 2/EJrh), the airflow speed maximum will not be on the 
upper surface of the lower endwall portion 2, whereby the impeller 
produces efficient airflow. 



2nrh = anr* (2) 

4 < a< 40 (3) 

[Para 0037] Thus, a fan motor having a smaller windage loss and higher efficiency than 
conventional centrifugal fans can be realized. 

[Para 0038] Though the airflow speed maximum should not appear on the upper 
surface of the lower endwall portion 2 even if l±> 40, cantilever-type 
impellers prove to be over-extensive axially the as f± becomes larger than 
that, making it is difficult to obtain stable impeller rotation, and as a result 
loss due to impeller vibration or other factors may increase, and the cooling 
efficiency of the fan may decrease. 

[Para 0039] In certain practical applications, it is more preferable that the following 
relationship (4) \s satisfied. 

5 < a<. 35 (4) 



[Para 0040] 



If 5 adn/V the maximum wind-speed point should appear along the axis 
inside the impeller and at a position relatively distant from the lower 



endwall portion 2, producing a correspondingly sufficient drop in the airflow 
speed at the upper surface of the lower endwall portion 2. Therefore, the 
windage loss at the upper surface of the lower endwall portion 2 can be 
reduced further so that a centrifugal fan having higher efficiency can be 
realized. 

[Para 0041] Since f±a\Ja 35 on the other end of the range, the impeller is not over- 
extensive axially, so that stable rotation of cantilever-type impellers can be 
realized. Thus, impeller vibration is further reduced, so that a fan motor 
having better cooling efficiency can be realized. 

[Para 0042] The above-explained comparison between the intake airflow area of the 
impeller component 1 and the ejection airflow area of the air blown by the 
impeller blade unit 3 can be applied to the case where the circular area of 
the impeller 2/Orh is large enough relative to the total sum dhZ (where Zis 
the number of blades in the impeller blade unit) of the area of the cylindrical 
cross sections dh (where d'\s the blade thickness) around the axis of the 
impeller blade unit 3 that the latter can be neglected. However, if the 
diameter 2r\o the outer circumference of the impeller blade unit is reduced 
such that the total sum of the area of the cylindrical cross sections of the 
impeller blade unit 3 cannot be neglected, a gap ratio ///defined by the 
following equation i^must be taken into consideration. 

e-(2m--Zd)/2^r (5) 

[Para 0043] 

In this case of the present invention, the ejection airflow effective area of 
the air blown by the impeller blade unit 3 becomes 2/Mu/?. Here it is 
definitively set forth that if the relationship defined by the following 



expressions (6Jand fusing a parameter / 2 \s satisfied, the airflow speed 
will not have the maximum value on the upper surface of the lower endwall 
portion 2, so that higher cooling efficiency with higher static pressure can 
be obtained. 

2nrzh = priT> (6) 

[Para 0044] Thus, a fan motor having a smaller windage loss and higher efficiency than 
the conventional centrifugal fan can be realized. 

[Para 0045] The reason for 3 adn/^is that if Anas a value less than three, the airflow 
speed maximum may be at the upper surface of the lower endwall portion 
2, and a windage loss similar to conventional centrifugal fans may be 
produced at the upper surface of the lower endwall portion 2, leading to 
decreased cooling efficiency of the fan. On the other hand, the reason why 
/^□n 30 is that if Anas a value greater than 30, the impeller may become 
axially over-extensive in accordance with the larger value of f 2 making it 
difficult to obtain stable rotation of a cantilever-type impeller, even though 
the airflow speed does not have its maximum value on the upper surface of 
the lower endwall portion 2. In certain practical applications, the value of f 2 
thus is preferably 30 or smaller. 

OTHER EMBODIMENTS 

[Para 0046] 

Next, another embodiment demonstrating further effects of the present 
invention will be explained with reference to Fig. 4. Fig. 4 shows a cross 
section, taken along a plane including the rotational axis, of a fan motor, 
and in the fan motor the impeller component 1 and the motor component 4 



are structured integrally. For the most part, the fan motor has a structure 
similar to that shown in Fig. 2, and to refer to elements having the same 
function the same reference numerals are also used in Fig. 4. The 
horizontal direction in Fig. 4 corresponds to the rotational axis direction of a 
centrifugal fan motor. Though the right side in Fig. 4 is referred to as the 
"upper side" and the left side in Fig. 4 is referred to as the "lower side" in 
the following explanation, these references are for convenience of 
explanation and are not meant to imply restrictions on the actual 
attachment posture of the fan motor. 

[Para 0047] This fan motor includes an impeller component 1 and a motor component 
4. The impeller component 1 and the motor component 4 are disposed 
axially stacked and connected to each other. 

[Para 0048] 

The impeller component 1 is an impeller of the cantilever type used for 
centrifugal fan motors. The impeller component 1 includes: a drive force 
transmission portion 1 1 for receiving drive force from the motor component 
4; a rotor-side lower endwall portion 2, fixed to the transmission portion 1 1 , 
and a stationary-side lower endwall portion 12; and an impeller blade unit 3 
having plural blades, each of the blades being fixed at its lower end to the 
outer margin of the wall surface of the lower endwall portion 2 and each 
extending along the rotational axis to its upper end. The impeller blade unit 
3 is cantilevered, that is, the lower end thereof is fixed to the lower endwall 
portion 2 while the upper end thereof is not supported by anything. When 
the impeller component 1 rotates, an airflow is generated streaming along 
the rotational axis through the opening 9 in the upper end of the impeller 
blade unit 3 and towards the upper surface of the lower endwall portions 2 



and 12. The lower endwall portion 2 is an annular section belonging to the 
rotor side, while the lower endwall portion 12 is a disk-like section disposed 
inside the lower endwall portion 2 and belonging to the stationary side. 
Thus, the two together constitute a disk-like shape. The impeller 
component 1 further includes a ring connection portion 10 for linking the 
blades of the impeller blade unit 3 at their upper end portions. The drive 
force transmission portion 1 1 in this embodiment is an extension, extending 
from the lower endwall portion 2 along the motor component 4; more 
specifically, the transmission portion 1 1 forms an extending cylindrical 
section that encloses the entire outer-side face of the motor component 4. 
In this way, the drive force transmission portion 1 1 of the impeller 
component 1 has a larger area for contacting a rotor holder 25 (a portion of 
the motor component 4 that is supported by a pair of bearings 23 and 24) 
than conventional fan motors, so that rotational stability of impeller 
component 1 is further improved and vibrational losses can be reduced. In 
other words, efficiency of the fan motor is further improved. Furthermore, 
the impeller blade unit 3, the lower endwall portion 2, and the drive force 
transmission portion 1 1 are formed integrally to constitute the impeller 
component 1 having a single unit structure. 

0049] jhe motor component 4 has a so-called outer rotor structure in which a 

rotary section thereof is located circumferentially around an inner stator 22. 
The rotary section of the motor component 4 includes the rotor holder 25 
and a rotor magnet 26. The rotor magnet 26 contacts and is fixed to the 
inner surface of the rotor holder 25. The rotor holder 25 constitutes part of 
a magnetic circuit as a yoke made of a magnetic material, and also works 
as a reinforcing member in connecting with the driving force transmission 



portion 1 1 . The rotor holder 25 is extensive along the rotational axis and is 
longer than the rotor magnet 26. Both axial ends thereof extend axially 
longer than both the ends of the rotor magnet 26 do. On the other hand, 
the stationary portion of the motor component 4 includes a shaft 20, a 
bracket 21 and the stator 22, which is located to the inside of the rotor 
magnet 26. Along its lower end the shaft 20 is fixed to the bracket 21 . The 
stator 22 is fixed to the shaft 20 and radially opposes the rotor magnet 26 
across a gap; the two components form the magnetic circuit. A coil of the 
stator 22 is connected to a current supplying wire 27 outside the motor 
component 4. As a bearing structure for supporting the rotary section of the 
motor component 4 in a rotatable manner around the stationary portion, a 
pair of bearings (ball bearings) 23 and 24 is provided in locations along the 
rotational axis. The bearing 23 is a member for supporting the lower end of 
the rotary section, and an outer race 31 thereof is fixed to the lower-end 
inner surface of the rotor holder 25, while an inner race 32 thereof is fixed 
to a boss protruding from the middle of the bracket 21. In addition, the 
upper surface of the outer race 31 is fixed to the lower surface of the rotor 
magnet 26. The bearing 24 is a member for rotatably supporting the upper 
end of the rotary section, and an outer race 31 thereof is fixed to the upper- 
end inner surface of the rotor holder 25, while an inner race 32 thereof is 
fixed to the upper-end portion of the shaft 20. Furthermore, the lower 
surface of the outer race 31 is fixed to the upper end surface of the rotor 
magnet 26. The bearings 23 and 24 as a pair are disposed thus flanking 
the stator 22 vertically so as to secure a wide span between them-wherein 
the bearing span is represented as m in Fig. 4-so that the rotary section 
including the cantilever impeller can be supported stably. More specifically, 



the distance between the bearings 23 and 24 can be equal to the axial 
length of the motor, or a length close to the motor axial length. Thus, a 
maximal bearing span mean be secured, and rotational vibration of the 
rotary section including the impeller component 1 can be minimized. In 
addition, since the outer races 31 of the bearings 23 and 24 are fixed to the 
rotor holder 25 and the inner races 32 are fixed to the shaft portion (more 
specifically, to the boss in the bracket 21 and to the shaft 20 upper end), 
the rotary section can be supported stably. 

[Para 0050] Next, a link structure between the motor component 4 and the impeller 

component 1 will be explained. The drive force transmission portion 11 of 
the impeller component 1 is configured so as to cover the entire outer 
surface of the rotor holder 25 of the motor component 4. The upper end 
surface of the rotor holder 25 and the upper surface of the outer race 31 of 
the bearing 24 are fixed to the lower surface of the lower endwall portion 2. 
In this way, the motor-component-side wall face of the lower endwall 
portion 2 of the impeller component 1 , as well as components linked 
thereto, is fixed directly to the bearing 24, so that the fan motor is axially 
short. Alternatively the motor-component-side wall face of the lower 
endwall portion 2 of the impeller component 1 as well as any components 
linked thereto can be fixed to the bearing 24 via a bearing holder. 

[Para 0051] 

In addition, as explained above, the lower endwall portions 2 and 12 of the 
impeller component 1 function not only to stop the airflow axially in the 
impeller component 1 but also function as a wall of the motor component 4. 
In other words, the motor component 4 and the impeller component 1 are 
formed integrally sharing the lower endwall portions 2 and 12 as a common 



part. In comparison with the conventional connecting structure between an 
impeller component and a motor component such as in Fig. 2, the number 
of components is reduced, which allows the fan motor to be axially 
downsized. In addition, the weight of the fan motor can be reduced. 

[Para 0052] The present invention is aimed at cooling efficiently an electronic device 
that is low-profile and portable, and therefore realizes an impeller 
component 1 that includes the impeller extending along the rotational axis 
and that has a cantilever structure so that stable rotation is obtained even 
at 5000 rpm or higher speeds. An impeller component 1 of the present 
invention in the dimensions r= 6.5 mm and h - 23 mm, for example, 
includes an impeller blade unit 3 in which each blade thereof is made of a 
plastic resin having a thickness of 0.2 mm. In this case, it would be difficult 
to secure strength in a structure in which both ends of the impeller are 
retained by bearings. Furthermore, with these dimensions it is difficult to 
secure sufficient area for the opening 9 that is the airflow inlet, meaning 
that sufficient static pressure and cooling efficiency might not be realized. 
Thus, in order to realize the cooling properties of high static pressure and 
high efficiency that are characteristic of the present invention, a rotation 
speed of 5000 rpm or higher is required for the maximum wind speed point 
to appear. This is because a sufficient ejection airflow £?(see Fig. 2) must 
be generated, since 2r is less than/7. In order to hold down to the minimum 
losses that can occur when the intake airflow A abuts the upper surface of 
the lower endwall portions 2 and 12, a rotation speed of 10,000 rpm or 
higher is more preferably required so that the intake airflow A can change 
to the ejection airflow B efficiently. Thus, a small fan motor having higher 
static pressure and higher efficiency than conventional fan motors can be 



realized. 

[Para 0053] In terms of further practical applications, a fan motor according to the 

present embodiment of the invention having impeller of dimensions r~ 5 
mm and h- 10 mm, for example, and rotated at a speed of 30,000 rpm 
realizes higher efficiency than is the case with conventional fan motors. 
The rotation speed n in the present invention is preferably higher than 5000 
rpm, more preferably higher than 10,000 rpm. 

[Para 0054] A fan motor according to the present invention is developed for cooling a 

portable electronic device or other small device, so it is desirable to use the 
fan motor at higher rotating speed for obtaining higher cooling efficiency in 
spite of the small size of the fan. A recommendable rotating speed range in 
which a fan motor according to the present invention should be used is 
generally 20,000-30,000 rpm, since requisite conditions that have to be 
satisfied include motor performance, balance between power consumption 
and cooling performance, and vibration loss and noise that are smaller than 
predetermined levels. If a high performance motor that can satisfy these 
conditions is realized, a fan motor having higher static pressure and higher 
cooling efficiency will be realized by operating it at a rotation speed higher 
than 30,000 rpm or 40,000 rpm. 

[Para 0055] 

In applications of fan motors according to the present invention operated at 
such speeds, the diameter 2rof the impeller blade unit is preferably 25 mm 
or smaller. This is because the thickness of portable electronic devices in 
which the fan motor is to be embedded is approximately 25 mm in general. 
In addition, considering cellular-phone or other applications, the diameter 
should be 12.5 mm or smaller. Of course, characteristics of a fan motor of 



the present invention can be realized in an impeller blade unit having a 
larger diameter, for example, 30 mm or 40 mm. With such larger impeller 
blade-unit diameters, however, rotational speed higher than 5000 rpm or 
preferably higher than 10,000 rpm is required so that loss due to collision 
between the intake airflow A and the lower endwall portions 2 and 12 can 
be avoided; consequently greater load is put on the motor with the 
increased fan diameter. Although characteristics of a fan of the present 
invention may be realized by using a high performance motor, it is 
desirable in terms of practicability to configure the impeller blade unit so 
that its diameter 2ris equal to or smaller than 12.5 mm so as to reduce the 
impeller load on the motor. In addition, it is more preferable that the 
diameter 2ns equal or smaller than 5 mm. Given that the entire axial length 
of the motor component 4 and the impeller component 1 (the axial distance 
between the lower end of the bearing 23 and the upper end of the impeller 
blade unit 3) is represented by k, it is desirable that kbe smaller than 100 
mm. It is more desirable that kbe smaller than 70 mm if the fan impeller is 
to be embedded in a portable electronic device. 

[Para 0056] The entire impeller component 1 or a part of the same is preferably made 
of a liquid crystal polymer, a carbon-fiber-reinforced liquid crystal polymer, 
a glass-fiber-reinforced liquid crystal polymer, a carbon-fiber and glass- 
fiber-reinforced liquid crystal polymer, soft iron, stainless steel, aluminum or 
ceramic. As a result, reduction of weight and downsizing of the impeller 
component 1 can be realized while securing sufficient rigidity. 

[Para 0057] 

As explained above, the present invention realizes a fan motor having high 
static pressure and high efficiency by rotating at a speed of 5000 rpm or 



higher a cantilever-type impeller having preferably a diameter 2rof 25 mm 
or smaller. Detailed simulations and testing on actual devices clarified that 
the following two conditions must be taken into consideration as 
preconditions of the high static pressure and high efficiency of a fan motor 
of the present invention. The Fig. 5 graph plots the results of the 
simulations and testing. A principle object of this graph is to show 
tendencies, so for ease of understanding the energy values given along the 
vertical axis have been normalized concerning the vibration component, 
the windage loss component, and the product thereof. 

[Para 0058] A first condition is that the height hoi the impeller component is sufficiently 
large so as to keep the windage loss to a minimum; and consequently the 
axial length moi the motor is smaller than h. This is because some of the 
factors considered to cause windage loss include, among other losses, loss 
due to collision between the intake airflow A and the upper surface of the 
lower endwall portions 2 and 12, and loss due to increase in the size of 
eddies in air turbulence, and these factors presumably can be eliminated if 
m is smaller than h. 

[Para 0059] A second condition is that h is not larger than necessary for holding 

rotational vibrations of the impeller and other vibrations to a minimum; and 
consequently h/2 is smaller than m. This is because rotational and other 
vibrations in a cantilever-type impeller tend to be generated easily unless 
the span moi the motor bearing unit is sufficiently larger than the length h 
of the cantilever portion. 

[Para 00601 

Fig. 5 shows the results of measuring energy loss due to vibrational loss 
and energy loss due to windage loss when the ratio {him) is altered. In the 



experiment, the impeller component had dimensions r = 6.5 mm, h- 23 
mm, the rotating speed n was 30,000 rpm, and the bearing unit was 
constituted by a pair of ceramic ball bearings. However, according to 
additional measurements made in the present invention, the same results 
as in Fig. 5 were obtained with a motor using a sliding bearing as well as 
with a motor using a fluid dynamic pressure bearing, instead of the ball 
bearing. 

[Para 0061] When him decreases, energy loss due to windage loss increases. It was 

understood therefore that if the first condition explained above is satisfied- 
that is, within the range of hlm> 0.5, preferably within the range of h/m > 
1.0, and more preferably within the range of h/m > 1.5-energy loss due to 
windage loss can be reduced sufficiently. On the other hand, with 
increased him, energy loss due to vibrational loss increases. It was 
understood therefore if the second condition explained above is satisfied- 
that is, within the range of him < 5.0, preferably within the range of him < 
4.0, and more preferably within the range of h/m< 3.0-energy loss due to 
vibrational loss can be reduced sufficiently. By changing the geometry of a 
component or by altering other parameters to satisfy either the first 
condition or the second condition explained above, a state with sufficiently 
small energy loss as a whole can be obtained. 

[Para 0062] 

In addition, as indicated in Fig. 5, it was found when evaluating energy loss 
due to vibrational loss and energy loss due to windage loss totally by 
calculating the product thereof that energy loss becomes sufficiently small 
within the range of him - 0.5 to 5.0, becomes more sufficiently small within 
the range of h/m= 1.0 to 4.0, and becomes minimum within the range of 



hlm= 1.5 to 3.0. 

[Para 0063] Though the above explanation is with regard to a stationary shaft and 

outer-rotor-type motor, it will be appreciated that a similar structure can be 
adopted for a rotating shaft and inner-rotor-type motor (not illustrated). In 
the latter case, the drive force transmission portion 1 1 that is a cylindrical 
potion extending downward from the impeller component is replaced with a 
component (not illustrated) for connecting to the shaft, and the lower 
endwall portion 2 is fixed not to the outer race 31 but to the inner race 32 of 
the adjacent bearing. 

[Para 0064] Next, another embodiment of the present invention will be explained with 
reference to Fig. 6. Fig. 6, in the same way as Fig. 4, shows a cross 
section, taken along a plane including the rotational axis, of a fan motor 
having a structure in which the impeller component and the motor 
component are made integrally. The fan motor of this embodiment is 
different from the fan motor of the above embodiment in that the bearing 
portion of the motor component utilizes a sliding bearing or a fluid dynamic 
pressure bearing instead of a ball bearing. 

[Para 0065] This fan motor includes an impeller component 51 and a motor component 
54. The impeller component 51 and the motor component 54 are disposed 
axially stacked and connected to each other. 

[Para 0066] 

The impeller component 51 is an impeller of the cantilever type used for 
centrifugal fan motors. The impeller component 51 includes: a drive force 
transmission portion 61 for receiving drive force from the motor component 
54; a lower endwall portion 52 that forms a boundary-wall separation 



between the motor component 54 and the impeller component 51; a 
protruding portion 62; and an impeller blade unit 53 having plural blades, 
each of the blades being fixed at its lower end to the outer margin of the 
wall surface of the lower endwall portion 52, and each extending along the 
rotational axis to its upper end. The impeller blade unit 53 is cantilevered, 
that is, the lower end thereof is fixed to the lower endwall portion 52 while 
the upper end thereof is not supported by anything. When the impeller 
component 51 rotates, an airflow is generated streaming along rotational 
axis through the opening 59 in the upper end of the impeller blade unit 53 
and towards the wall surface of the lower endwall portion 52. 

[Para 0067] j ne lower endwall portion 52 is an annular section from the circumferential 
margin of which the impeller blade unit 53 and the drive force transmission 
portion 61 extend, while inward thereof the protruding portion 62, a discoid 
section that protrudes axially upward, is provided for fixing and retaining 
the shaft 78. The impeller component 51 further includes a ring connection 
portion 60 for joining together the upper end portions of impeller blade unit 
53. The drive force transmission portion 61 in this embodiment is an 
extension, extending from the lower endwall portion 52 along the outer 
periphery of the motor component 54, and more specifically is an extending 
cylindrical section that encloses the entire axial length of the outer side of 
the motor component 54. In this way, the drive force transmission portion 
61 has a greater area of contact with the rotary section of the motor 
component 54, which further improves the rotational stability of the impeller 
component 51 to reduce vibrational losses. Consequently, the efficiency of 
the fan motor is further improved. The impeller blade unit 53, the lower 
endwall portion 52, the protruding portion 62 and the drive force 



transmission portion 61 are formed integrally so as to constitute an impeller 
component 1 having a single unit structure. 

[Para 0068] The motor component 54 has a so-called outer rotor structure in which the 
rotary section is located along the motor periphery. The rotary section of 
the motor component 54 includes a rotor holder 75, a rotor magnet 76, and 
a shaft 78. The rotor magnet 76 is fixed to the inner surface of the rotor 
holder 75. The rotor holder 75 constitutes part of a magnetic circuit section 
as a yoke made of a magnetic material. The axial length of the rotor holder 
75 is nearly the same as that of the rotor magnet 76, and its axial ends are 
substantially identical to each other. The shaft 78 on one end is fixed into 
the center of the lower endwall portion 52 of the impeller component 51 , 
and then extends along the inside of the rotor magnet 76 and rotor holder 
75. On the other end of the shaft 78 is the stationary portion of the motor 
component 54, which includes a stator 72, a bearing sleeve 74, and a 
bracket 71 . The bearing sleeve 74 at its lower end is fixed into the bracket 
71, and the entire remainder thereof extends along the inside of the rotor 
magnet 76 and rotor holder 75. The shaft 78 is disposed within the bearing 
sleeve 74. A small gap in the radial direction is formed between the outer 
surface of the shaft 78 and the inner surface of the bearing sleeve 74. This 
small gap is filled with oil or gas so as to constitute a sliding bearing 73. 
Dynamic-pressure-generating grooves can be formed on at least one of the 
gap-defining surfaces so as to constitute a fluid dynamic pressure bearing. 
Furthermore, the lower-end surface of the shaft 78 can be supported by a 
point contact on the surface of the bracket 71 in the center. In addition, in 
order further to secure the connection where the one end of the shaft 78 is 
fixed to the rotary section, the lower endwall portion 52 may be made of a 



strong material such as a metal, and the circumferential margin of the lower 
endwall portion 52 may be fixedly joined to the upper end portion of the 
rotor holder 75. 

[Para 0069] The stator 72 is fixed to the circumferential surface of the bearing sleeve 
74, and together with the rotor magnet 76, which the stator 72 radially 
opposes across a gap, forms the magnetic circuit section. Since the 
lengthwise magnetic center of the stator 72 is located axially below the 
lengthwise magnetic center of the rotor magnet 76, the rotor magnet 76 is 
always magnetically forced downward axially. In this way, the rotor magnet 
76 is magnetically biased along the rotational axis so as to balance thrust- 
load supporting force generated between the surface of the bracket 71 at 
its center and the end surface of the shaft 78. Thus, the impeller 
component 51 and the rotary section of the motor component 54 are 
prevented from floating up axially from the stationary section of the motor 
component 54. This magnetic biasing can be realized by axially displacing 
the magnetic center of the stator from that of the rotor magnet as explained 
above, or by disposing in the bracket a magnetic member in a position 
where it axially opposes the rotor magnet. Alternatively, the biasing force 
may be realized by arranging magnets on the bracket and the rotary 
section, with either the like or the opposite poles of the magnets disposed 
in axial opposition, or may be realized by arranging another magnet and a 
magnetic member on the bracket and on the rotary section respectively in 
axially opposing positions, exclusively for generating a biasing force. 

[Para 0070] 

The configuration of the connection between the motor component 54 and 
the impeller component 51 will be explained. The drive force transmission 



portion 61 of the impeller component 51 is fixed to the rotor holder 75 of the 
motor component 54 so as to cover the entire peripheral surface of the 
rotor holder 75. The upper end surface of the rotor holder 75 and the upper 
end surface of the rotor magnet 76 are fixed to the lower surface of the 
lower endwall portion 52. 

[Para 0071] In this way, the lower endwall portion 52 of the impeller component 51 not 
only functions to stop the axial flow of air in the impeller component 51, but 
also functions as a wall surface of the motor component 54. In other words, 
the motor component 54 and the impeller component 51 are formed 
integrally, with the lower endwall portion 52 as a common wall. This allows 
the number of components to be reduced and enables the fan motor to be 
axially downsized, and in addition makes for reduced weight of the fan 
motor. 

[Para 0072] Actions and effects similar to the embodiment explained with reference to 
Fig. 4 can be obtained with a fan motor according to this embodiment. 
What is more, since this fan motor utilizes a sliding bearing or a fluid 
dynamic pressure bearing as the motor component bearing, higher impeller 
rotating speed and lower impeller noise (decrease in vibration and noise) 
can be realized. 

[Para 00731 

Reference is now made to Fig. 7, which is a graph of P/Q characteristics 
comparing the performance of a fan motor of the present invention with that 
of a conventional sirocco fan and an axial fan. This graph plots a 
comparison of P/Q characteristics obtained at respective motor rotational 
speeds at which each fan motor generated nearly the same level of noise. 
The fan motor of the present invention included an impeller dimensioned to 



be 10 mm in diameter and 22 mm in axial length, while the sirocco fan 
included an impeller dimensioned to be 15 mm on each side and 10 mm in 
axial length. The axial fan that was also a subject of the comparison had 
three fan motors including an impeller dimensioned to be 10 mm on each 
side and 7 mm in axial length, with the fan motors being arranged radially 
adjoining each other. Each of the fan motors had the same bearing 
structure (i.e., all of them were ball-bearing), and the volume occupied by 
the impeller in each of them was equivalent. 

[Para 0074] As will be understood from Fig. 7, the fan according to the present 

invention had very high static pressure compared with the conventional 
fans. A fan motor having a certain P/Q characteristic curve will work at an 
operation point that is the intersection between the P/Q curve and its 
system impedance curve, which corresponds to air resistance and 
airtightness of the object to be cooled by the fan. Fig. 7 shows a most 
typical system impedance curve, and a cooling target object having a 
system impedance value above this curve is considered to be of high 
density. The fan motor according to the present invention was directed to 
the efficient cooling of compact electronic devices, wherein its cooling 
target was of very high density. With such high-density cooling targets, the 
impedance-curve gradient is steeper. Therefore, as will be understood from 
Fig. 7, a fan having higher static pressure works at higher-position 
operation points, meaning that the cooling efficiency is higher. From this 
perspective, according to the present invention, a fan motor having higher 
static pressure than conventional fans can be realized for cooling high 
density electronic devices efficiently. 



[Para 0075] As explained earlier, conventionally employed centrifugal fans utilize a flat 
impeller having a short axial length for minimizing axial space. In contrast, 
the present invention was derived by changing the conventional thinking so 
as to develop a high-efficiency centrifugal fan having a pencil-type impeller 
that is axially extensive. Thus a cooling fan is realized that is suitable for 
electronic circuitry in cellular phones or mobile personal computers. The 
pencil-type centrifugal fan according to the present invention is 
characterized in that by only providing a small circular air inlet, an airflow, 
generated by the fan, towards internal electronic circuitry can be produced 
with maximum efficiency, while the airflow heated by the internal electronic 
circuitry can be ejected from plural air outlets provided in distributed 
locations within cellular phones and mobile personal computers,. Thus, 
despite the fact that conventionally it has been difficult to downsize 
electronic devices because the heat generated by the operation of the 
electronic circuitry cannot be sufficiently dissipated externally, the present 
invention makes it possible to provide a sufficient cooling function for an 
electronic device while saving space. As a result, the electronic device can 
be further downsized. 

[Para 0076] The present invention is not limited to the embodiments explained above, 
and within the scope of the present invention various modifications can be 
made. For example, although the impeller component and the motor 
component together constituting the fan motor are axially stacked in the 
above-explained embodiments, it is possible to dispose the motor 
component to the inside of the impeller component, as with the 
conventional fan depicted in Fig. 9 (that is, the two components axially 
overlap entirely or partially). 



[Para 0077] In addition, the inside corner portion of the impeller blade unit at the upper 
end along its rotational axis may be beveled partially or entirely in an arc 
shape or similar arcuately curved form. Arcuately beveling the inside corner 
portion of the axial upper end of the impeller blade unit enables the intake 
airflow into the impeller to be smoother, to keep undesired turbulence 
under control. A fan impeller having good cooling efficiency, and a fan 
motor utilizing the fan impeller can be realized as a result. 



